Abstract.-It is proposed that dislocation kinks are associated with charged states in the energy gap of semiconductors and insulators, and that the dislocation velocity and therefore the plastic properties are a function of the position of the Fermi level. The theory is applied to the doping effect on dislocation velocity in Si and Ge, and the possible relevance of the mechanism to the "hydrolytic weakening" effect in quartz is discussed.
Introduction.-It is well known that point defects in ionic and covalently bonded solids can occur in charged configurations, the electron/hole states occuring as deep levels in the band gap. The concentration of charged point defects, and therefore the diffusion coefficients, depend on the position of the Fermi level, which in turn is controlled by doping with suitable impurities (Kofstad /l/, Kroger /2/, Swalin /3/). Steady state and diffusion creep can then be affected by the position of the Fermi level (e.g. Bretheau, Castaing, Rabier and Veyssiere/4/).
There is however another mechanism of plastic deformation which should be affected by the Fermi level. When the motion of the dislocations is controlled by the Peierls stress, the dislocation lines advance and lengthen by the generation and motion of double kinks. At the core of the dislocation the electron energy levels will be shifted relative to those in the perfect crystal, by amounts depending on the degree of reconstruction of the bonds. For dangling bonds in a covalently bonded solid one might expect energy levels to occur near the middle of the gap, i.e. about midway between bonding and antibonding states. If reconstruction occurs acceptor and donor levels would be expected to occur nearer to the conduction and valence bands, their positions depending on the distortion of the bonds. Kinks might be associated with
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e e p e r l e v e l s i f t h e d i s t o r t i o n s a r e g r e a t e r t h a n a t t h e d i s l o c a t i o n co-
r e s . Charged a s w e l l a s n e u t r a l k i n k s c a n t h e n e x i s t , t h e c o n c e n t r a t i o n of c h a r g e d k i n k s d e p e n d i n g on t h e p o s i t i o n o f t h e Fermi l e v e l . S i n c e t h e d i s l o c a t i o n v e l o c i t y depends o n t h e c o n c e n t r a t i o n oE k i n k s and t h e i r m o b i l i t y , t h e v e l o c i t y w i l l depend o n t h e p o s i t i o n o f t h e Fermi l e v e l p a r t l y b e c a u s e o f t h e e f f e c t on t h e c o n c e n t r a t i o n o f c h a r g e d k i n k s , and p a r t l y b e c a u s e t h e v e l o c i t y o f t h e k i n k may b e c h a r g e d e p e n d e n t .
I n t h i s p a p e r we s h a l l a p p l y t h i s model t o t h e e f f e c t o f d o p i n g on t h e d i s l o c a t i o n v e l o c i t y i n S i and G e , and s p e c u l a t e a b o u t i t s appl i c a t i o n t o q u a r t z . . From Fermi-Dirac s t a t i s t i c s i t f o l l o w s t h a t t h e c o n c e n t r a t i o n s o f n e g a t i v e l y and p o s i t i v e l y c h a r g e d k i n k s i n thermodynamic e q u i l i b r i u m a r e g i v e n by where o~k i s t h e c o n c e n t r a t i o n o f n e u t r a l k i n k s , E7 t h e Fermi l e v e l , e V t h e e l e c t r o s t a t i c e n e r g y o f t h e c h a r g e d d i s l o c a t i o n l i n e ( i n c l u d i n g t h e c h a r g e on k i n k s ) , k t h e Boltzmann c o n s t a n t and T t h e t e m p e r a t u r e . The e q u i l i b r i u m c o n c e n t r a t i o n o f n e u t r a l k i n k s ( o~k ) i s assumed t o b e i n d e p e n d e n t o f t h e c o n c e n t r a t i o n o f c h a r g e d k i n k s ; t h i s a s s u m p t i o n i s j u s t i f i e d p r o v i d e d t h e c o n c e n t r a t i o n s o f c h a r g e d and uncharged k i n k s a r e s m a l l , s o t h a t t h e number o f a v a i l a b l e s i t e s i s e f f e c t i v e l y cons t a n t , i n d e p e n d e n t o f o c k , i c k , and t h e d i f f e r e n c e i n f r e e e n e r g y b e tween t h e uncharged and c h a r g e d c o n f i g u r a t i o n s i s e q u a l t o t h e d i f f e r e n c e i n e l e c t r o n f r e e e n e r g y (EF -EKa -eV f o r n e g a t i v e l y c h a r g e d k i n k s ) ,
i . e . t h e r e i s no change i n t h e s t r a i n e n e r g y o f t h e d e f e c t .
A t low s t r e s s e s and h i g h t e m p e r a t u r e s t h e " d r i f t " model can be used t o d e s c r i b e t h e motion o f d i s l o c a t i o n s by t h e k i n k mechanism ( s e e H i r t h and Lothe / 5 / ) .
Under t h e s e c o n d i t i o n s , and assuming t h a t t h e mean f r e e p a t h of k i n k s i s determined by a n n i h i l a t i o n by o t h e r s moving i n t h e o p p o s i t e d i r e c t i o n , t h e v e l o c i t y o f t h e d i s l o c a t i o n s i s proport i o n a l t o t h e c o n c e n t r a t i o n o f s i n g l e k i n k s , and t o t h e r a t e of migrat i o n of k i n k s a l o n g t h e d i s l o c a t i o n . Thus, i f t h e v e l o c i t y v-i s cont r o l l e d by n e g a t i v e l y charged k i n k s ,
where vo i s t h e v e l o c i t y of n e u t r a l k i n k s , and AVJm t h e d i f f e r e n c e i n a c t i v a t i o n energy of m i g r a t i o n f o r n e g a t i v e l y charged and n e u t r a l k i n k s . S i n c e t h e c o n c e n t r a t i o n of n e u t r a l k i n k s i s c o n s t a n t , t h e d i s l oc a t i o n v e l o c i t y w i l l i n c r e a s e w i t h i n c r e a s i n g c o n c e n t r a t i o n s o f charged k i n k s . R e f e r r i n g t o f i g u r e 1, it f o l l o w s from ( 3 ) and ( 4 ) t h a t i f t h e k i n k l e v e l s a r e n e a r t h e middle of t h
e gap t h e v e l o c i t i e s of d i s l o c at i o n s of n and p t y p e m a t e r i a l s h o u l d b e g r e a t e r t h a n t h a t o f i n t r i n s i c m a t e r i a l ; i . e . t h e " s t r e n g t h " o f t h e c r y s t a l s h o u l d be a maximum f o r i n t r i n s i c m a t e r i a l ; doping by e l e c t r i c a l l y a c t i v e i m p u r i t i e s c a u s e s s o f t e n i n g . On t h e o t h e r hand, i f t h e k i n k l e v e l s a r e c l o s e t o t h e val e n c e band t h e v e l o c i t y s h o u l d d e c r e a s e from n t o p t y p e m a t e r i a l , i . e .
n t y p e m a t e r i a l i s weaker, and p t y p e s t r o n g e r t h a n i n t r i n s i c m a t e r i a l . I n t h i s c a s e doping of t h e p u r e m a t e r i a l can c a u s e h a r d e n i n g o r s o f t en i n g depending on t h e i m p u r i t y .
The a p p l i c a t i o n o f t h i s model t o s i l i c o n and germanium h a s been d e s c r i b e d i n d e t a i l e l s e w h e r e ( H i r s c h /6/, /'7/).In t h e s e m a t e r i a l s t h e P e i e r l s v a l l e y s a r e a l o n g [110] d i r e c t i o n s , and v e l o c i t i e s of b o t h 60' and screw d i s l o c a t i o n s have been measured by s e v e r a l workers. I t t u r n s o u t t h a t s i l i c o n behaves l i k e a c r y s t a l w i t h k i n k l e v e l s n e a r t h e middle
of t h e gap, w h i l e germanium seems t o have k i n k l e v e l s n e a r t h e v a l e n c e c3-152
band. S c h r G t e r h a s r e c e n t l y f i t t e d t h e t h e o r y t o r e s u l t s due t o George /8/ f o r 60' d i s l o c a t i o n s i n S i , assuming t h a t eV and AW c a n be neglecm t e d . I n t h a t c a s e t h e v e l o c i t y i s p r o p o r t i o n a l t o ( o~k + -ck + + c k ) .
F i g u r e 2 shows t h e e x p e r i m e n t a l p o i n t s and t h e o r e t i c a l c u r v e s . B e s t f i t s a r e produced f o r ( e n e r g i e s measured r e l a t i v e t o v a l e n c e b a n d ) . These l e v e l s a r e v e r y c l o s e t o t h e v a l u e s o b t a i n e d from c a p a c i t y t r a n s i e n t s p e c t r o s c o p y o f deformed and s u b s e q u e n t l y annealed ( a t 900°C) S i ( P a t e l and Kimerling / 9 / ) , and a r e a t t
r i b u t e d t o d i s l o c a t i o n s . I t i s however n o t a t a l l c e rt a i n whether t h e l e v e l s d e t e c t e d by t h i s t e c h n i q u e a r e t o b e i d e n t i f i e d w i t h t h o s e d e r i v e d from v e l o c i t y measurements. F i r s t l y , t h e k i n k l e v e l s may be a f u n c t i o n o f t h e c h a r a c t e r of t h e d i s l o c a t i o n , and t h e s p e c imens t o which t h e s p e c t r o s c o p i c t e c h n i q u e h a s been a p p l i e d a r e l i k e l y t o c o n t a i n d i s l o c a t i o n s o f v a r i o u s c h a r a c t e r s .
Secondly, i n i n t e r p r e t i n g -3 cm , E = 6.8 x 10 l 7 c m 3 , F = 2.7 x l 0 I 7
Measurements of George/8/; f i t t i n g c a r r i e d o u t by ~c h r 6 t e r .
t h e d i s l o c a t i o n v e l o c i t y d a t a , t h e eV and AW terms s h o u l d b e t a k e n i nm t o a c c o u n t . The former depend a l s o on t h e (unknown) d i s l o c a t i o n a s w e l l a s on t h e kink l e v e l s . With r e g a r d t o AWm, i f t h e a d i a b a t i c p r i n c i p l e a p p l i e s t h e e l e c t r o n s w i l l f o l l o w t h e motion o f ' t h e i o n s d u r i n g t h e
a c t i v a t i o n , and t h e e l e c t r o n l o c a l i s e d a t t h e k i n k w i l l move from l e v e l s EKa, EKd t o c o r r e s p o n d i n g l e v e l s a t t h e s a d d l e p o i n t , ESa, ESd. Under 1 -t h e s e c o n d i t i o n s AWm = ESa -EKa; AWm -EKd -ESd. The l e v e l s i n f e r r e d from t h e v e l o c i t y measuremehts w i l l t h e n c o r r e s p o n d t o ESa, ESd. A s J o n e s /lo/ has p o i n t e d o u t t h e s e l e v e l s a t t h e s a d d l e p o i n t c o n f i g u r at i o n a r e l i k e l y t o be deeper t h a n t h e ground s t a t e kink l e v e l s , s i n c e bonds a r e e f f e c t i v e l y broken a t t h e s a d d l e p o i n t s . I t s h o u l d be n o t e d h e r e t h a t Jones has developed an a l t e r n a t i v e t h e o r y which a s c r i b e s t h e doping e f f e c t on d i s l o c a t i o n v e l o c i t y t o charged s a d d l e p o i n t configur a t i o n s ; t h e t h e o r y assumes t h a t t h e k i n k s a r e n e u t r a l i n t h e ground s t a t e l a n d t h a t thermodynamic e q u i l i b r i u m i s e s t a b l i s h e d between t h e l a t t i c e and t h e e l e c t r o n gas a t t h e s a d d l e p o i n t . The d i f f e r e n c e between
e two t h e o r i e s has been d i s c u s s e d elsewhere ( H i r s c h / 7 / ) . The p r e s e n t a u t h o r b e l i e v e s t h a t t h e c r o s s -s e c t i o n s f o r e l e c t r o n / h o l e c a p t u r e a r e n o t s u f f i c i e n t t o a l l o w thermodynamic e q u i l i b r i u m t o be e s t a b l i s h e d d u r i n g t h e l i f e t i m e o f t h e s a d d l e p o i n t f o r k i n k m i g r a t i o n . On t h e o t h e r
hand, provided thermodynamic e q u i l i b r i u m i s e s t a b l i s h e d i n t h e ground s t a t e , a s assumed i n t h e p r e s e n t t h e o r y , and i f t h e a d i a b a t i c p r i n c i p l e a p p l i e s , w i t h t h e above v a l u e s of AWm t h e p r e d i c t i o n s of t h e two theor i e s become v i r t u a l l y i d e n t i c a l .
The t h e o r y o u t l i n e d h e r e (and d e s c r i b e d i n more d e t a i l i n Hirsch / 6 / ) a p p l i e s s t r i c t l y t o t h e low s t r e s s and h i g h temperature regime.
Many o f t h e measurements a r e however made a t high s t r e s s e s and low t e m p e r a t u r e , when t h e v e l o c i t y i s c o n t r o l l e d by t h e n u c l e a t i o n o f double k i n k s . For n e u t r a l k i n k s , a c c o r d i n g t o H i r t h and Lothe / 5 / , t h e same e x p r e s s i o n s f o r d i s l o c a t i o n v e l o c i t y a r e o b t a i n e d , assuming t h a t t h e mean f r e e p a t h of t h e k i n k s i s determined by mutual a n n i h i l a t i o n , i . e .
t h e d i s l o c a t i o n v e l o c i t y i s determined by t h e f o r m a t i o n energy o f h a l f a double k i n k . Provided t h e c o n c e n t r a t i o n of charged double k i n k s can be assumed t o be t h a t i n thermodynamic e q u i l i b r i u m w i t h t h e e l e c t r o n g a s , t h e t h e o r y under n u c l e a t i o n c o n t r o l l e d c o n d i t i o n s becomes s i m i l a r t o t h a t under d r i f t c o n d i t i o n s . F i g u r e 3 shows s c h e m a t i c a l l y t h e energy of a double k i n k a s a f u n c t i o n o f s e p a r a t i o n o f t h e two k i n k s . E q u i l ibrium can be e s t a b l i s h e d a t A , provided t h e l i f e t i m e i s l o n g enough; a l t e r n a t i v e l y however n u c l e a t i o n may o c c u r a t charged p o i n t s o f t h e d i sl o c a t i o n ( i n thermodynamic e q u i l i b r i u m w i t h t h e e l e c t r o n g a s ) ; a p p l y i n g t h e a d i a b a t i c p r i n c i p l e t h e e l e c t r o n s / h o l e s w i l l move t o t h e k i n k energy l e v e l s A, and t o t h e s a d d l e p o i n t l e v e l s B d u r i n g t h e n u c l e a t i o n , and t h e t h e o r y becomes v i r t u a l l y i d e n t i c a l t o t h e d r i f t t r e a t m e n t .

Fig. 3 . -Energy a s a function of d i s t a n c e between two kinks c o n s t i t u t i n g a nucleated double kink. A p a r t i a l l y formed double kink
X may w a i t i n t h e s u b s i d i a r y v a l l e y s (e.g. A)
and e q u i l i b r a t e w i t h t h e e l e c t c o n gas.
P o s s i b l e a p p l i c a t i o n s t o q u a r t z . -The t h e o r y o u t l i n e d above s h o u l d apply a l s o t o i o n i c s o l i d s . I f t h e r e i s some c o n v a l e n t b i n d i n g , t h e c h a r g e t r a n s f e r t o t h e i o n s i s n o t complete, and some c h a r g e should r e s i d e i n t h e bonds. Then a t t h e c o r e o f t h e d i s l o c a t i o n , o r a t a p o i n t d e f e c t o r k i n k , t h e s t r a i n e d o r d a n g l i n g bonds would be a s s o c i a t e d w i t h a c c e p t o r / donor s t a t e s i n t h e gap. Thus, i n t h e "low" t e m p e r a t u r e r egime of t h e deformation o f o x i d e s , o r ceramics i n g e n e r a l , when t h e P e i e r l s s t r e s s i s c o n t r o l l i n g , doping induced hardening and s o f t e n i n g e f f e c t s s h o u l d o c c u r , depending on t h e r e l a t i v e p o s i t i o n s of t h e Permi and k i n k l e v e l s . Furthermore, t h e wider t h e energy gap of t h e s o l i d , t h e g r e a t e r t h e s e n s i t i v i t y of t h e Fermi l e v e l (and t h e r e f o r e of t h e d i s l o c a t i o n v e l o c i t y ) t o s m a l l amounts o f e l e c t r i c a l l y a c t i v e dopants. I n t h e c a s e o f q u a r t z t h e r e i s a w e l l known s o f t e n i n g e f f e c t due t o t h e p r e s e n c e of s m a l l amounts o f w a t e r ( h y d r o l y t i c weakening) of cons i d e r a b l e importance i n geology (Griggs and B l a c i c /11/). Following a s u g g e s t i o n of Frank, Griggs /12/ proposed t h a t t h e e f f e c t i s due t o t h e weakening o f t h e Si-0-Si bonds by h y d r o l y s i s t o Si-OH-HO-Si, and t h a t i f t h i s o c c u r s a t t h e d i s l o c a t i o n c o r e t h e n u c l e a t i o n o f double k i n k s i s f a c i l i t a t e d . The model r e q u i r e s t h e d i f f u s i o n o f OH t o t h e d i s l o c at i o n , and p i p e d i f f u s i o n a l o n g t h e d i s l o c a t i o n w i t h t h e m i g r a t i n g k i n k . ivlcLaren and Retchford /13/ however showed t h a t t h e r a t e of r e c o v e r y i s a l s o dependent on t h e c o n c e n t r a t i o n of OH ( o r H ) . They s u g g e s t e d t h a t t h e r a t e o f r e c o v e r y by climb, i s c o n t r o l l e d by t h e t r a p p i n g of H20 a t t h e d i s l o c a t i o n , presumably f a c i l i t a t i n g n u c l e a t i o n of j o g s . By e q u a t i n g t h e r a t e of recovery t o t h e workhardening r a t e , W , t h e y o b t a i n t h e e x p r e s s i o n
where N i s t h e concentration of hydrogen atoms, Tc t h e c r i t i c a l weakening temperature, a t which t h e flow s t r e s s drops s h a r p l y , E an a c t i v at i o n energy made up of s e v e r a l terms, and A a c o n s t a n t . A r e l a t i o n of t h e form of equation (5) seems t o f i t t h e a v a i l a b l e experimental d a t a adequately /13/. I t i s c l e a r however from t h e work of Morrison-Smith, Paterson and Hobbs /14/ t h a t i n t h e low temperature regime t h e d i s l oc a t i o n motion i s c o n t r o l l e d by t h e double kink mechanism, s i n c e t h e d i s l o c a t i o n s a r e found t o l i e along c r y s t a l l o g r a p h i c d i r e c t i o n s , t h e P e i e r l s v a l l e y s . The s t r u c t u r e s a t high temperature suggest a recovery process. The r e s u l t s of Hobbs, McLaren and Paterson /15/ i n d i c a t e two e f f e c t s : -a) t h e y i e l d s t r e s s appears t o decrease w i t h i n c r e a s i n g temperature, approximately a s exp U/kT, with an a c t i v a t i o n energy U which decreases with i n c r e a s i n g H/Si ( s e e Fig. 4 1 , b ) t h e flow s t r e s s Both e f f e c t s , i . e . r e l a t i n g t o t h e y i e l d s t r e s s and t o t h e r ecovery r a t e , can i n p r i n c i p l e be e x 2 l a i n e d by an e l e c t r o n i c mechanism,
o u t needing t o p o s t u l a t e t h e p r e s e n c e of H20 o r OH a t t h e d i s l o c at i o n . The b a s i c i d e a i s t h a t H20 goes i n t o s o l u t i o n i n a form i n which i t a c t s e i t h e r a s a donor o r a c c e p t o r c e n t r e . Kekulawala, P a t e r s o n and
Boland /16/ have p u t forward e v i d e n c e t h a t t h e weakening e f f e c t c o r r el a t e s w i t h a broad hydroxyl a b s o r p t i o n " g e l -t y p e " band i n t h e r e g i o n 340 mm-I wavenumber ( Q 0.4 e V ) . I t seems p l a u s i b l e t h a t t h i s i s a s s oc i a t e d w i t h OH s t r e t c h i n g modes which o c c u r i n t h i s p a r t o f t h e spect r u m . I t i s n o t c l e a r whether t h e r e i s any evidence f o r an e l e c t r o n i c t r a n s i t i o n l e v e l a t h i g h e r e n e r g i e s . Suppose however t h a t t h e r e i s an a c c e p t o r l e v e l EHa a t , s a y 2 eV, from t h e v a l e n c e band. I f t h e Fermi l e v e l i n t h e w a t e r f r e e c r y s t a l i s n e a r t h e middle of t h e gap ( t h e gap energy i s a b o u t 9 eV f o r q u a r t z ) , i t s p o s i t i o n b e i n g determined by some o t h e r e l e c t r i c a l l y a c t i v e i m p u r i t y (e.9. A 1 o r Na), a s t h e c o n c e n t r at i o n of H 0 i n c r e a s e s , t h e Fermi l e v e l moves towards t h e H 0 a c c e p t o r 2 2 l e v e l . Assuming t h a t t h e charged k i n k l e v e l s o r ( p r o b a b l y doubly) c h a rged a n i o n vacancy l e v e l s a r e somewhere n e a r t h e middle o f t h e gap ( s e e Fig. 7 1 , t h e c o n c e n t r a t i o n s of p o s i t i v e l y charged k i n k s and a n i o n vacanc i e s i n c r e a s e s u b s t a n t i a l l y r e s u l t i n g i n i n c r e a s e s i n t h e d i s l o c a t i o n v e l o c i t y and i n t h e d i f f u s i o n o f oxygen i o n s ; t h e l a t t e r may a c c e l e r a t e t h e r a t e o f climb and recovery i f t h e d i f f u s i o n of oxygen i o n s i s r a t e c o n t r o l l i n g . EKd a r e kink acceptor/donor l e v e l s , P i s doubly charged anion vacancy l e v e l , !ha' i s H20 accept o r l e v e l , E . , EFH a r e P g r m i l e v e l s i n i n t r i n s i c and H 0 doped m a t s i a l .
F1
2 c3-158 JOURNAZ. DE PHYSIQUE I n t h e regime where t h e y i e l d s t r e s s T i s c o n t r o l l e d by t h e Y double kink mechanism, i n w a t e r f r e e c r y s t a l s t h e y i e l d s t r e s s may be determined by n e u t r a l k i n k s , t h e s t r a i n r a t e En b e i n g given approximat e l y by
where FK, Wm a r e t h e formation and m i g r a t i o n e n e r g i e s of n e u t r a l k i n k s , B i s p r o p o r t i o n a l t o t h e mobile d i s l o c a t i o n d e n s i t y a t t h e y i e l d s t r e s s , m i s a c o n s t a n t . I n wet c r y s t a l s , a s E, moves down towards t h e H20 a c c e p t o r l e v e l p o s i t i v e l y charged kink; may c o n t r o l t h e s t r a i n r a t e and P I 1 where EKd i s t h e k i n k donor l e v e l ( s e e F i g . 7) and AWm t h e d i f f e r e n c e i n m i g r a t i o n e n e r g i e s between charged and n e u t r a l k i n k s . Equations ( 6 ) , ( 7 ) a r e c o n s i s t e n t w i t h t h e o b s e r v a t i o n s t h a t a t c 6 n s t a n t s t r a i n r a t e T a exp U/kT, and t h a t U i s a f u n c t i o n of w a t e r c o n t e n t . Y With r e g a r d t o t h e recovery r a t e R , i f we assume t h a t a ) R i s c o n t r o l l e d by climb, b ) t h a t oxygen d i f f u s i o n i s r a t e determining, c ) d i f f u s i o n by p o s i t i v e l y charged a n i o n v a c a n c i e s i s predominant o v e r t t h e range of B / S i c o n s i d e r e d ,
where VF, Vm a r e formation energy, and a c t i v a t i o n energy o f m i g r a t i o n o f n e u t r a l anion vacancy, EVd t h e donor l e v e l o f t h e a n i o n vacancy, AVm t h e change i n m i g r a t i o n energy between p o s i t i v e l y charged and neut r a l vacancy. A t low temperatures r e l a t i v e t o t h e a c c e p t o r l e v e l and l a r g e c o n c e n t r a t i o n s of H20, NHr t h e Fermi l e v e l v a r i e s a s where EHa i s t h e H 2 0 a c c e p t o r l e v e l , Nv t h e e f f e c t i v e d e n s i t y o f s t a t e s i n t h e valence band, i . e . Nv = 2 ( 2 n rnh k~/ h~)~" , where mh i s t h e e f f e ct i v e mass of a h o l e i n t h e valence band, and h P l a n c k ' s c o n s t a n t ( f o r e x p r e s s i o n s f o r EF, N s e e e.g. /17/. From ( 8 ) and ( 9 ) Defining a c r i t i c a l temperature T such t h a t R = W (workharde-C -1 n i n g r a t e , assumed t e m p e r a t u r e i n d e p e n d e n t ) , g i v e s l o g NH CC TC , a s observed approximately i n t h e experiments.
Three f u r t h e r p o i n t s s h o u l d b e noted. ~i r s t l y , a t 600°C, Nv % 10 l 9 -lo2' ~m -~, and f o r H/Si ?.
EF % i~~~ % 1 eV ( s a y ) . The c o n c e n t r a t i o n o f h o l e s ( s e e /17/) p % (2NH) ''2~:bexp -EHa/2kT % 1 0 l~c m -~. This would correspond t o i n t r i n s i c germanium a t room t e m p e r a t u r e , i . e . even a t 600°C wet q u a r t z would s t i l l be a r e a s o n a b l y good i n s u l a t o r .
Secondly, deformation i t s e l f w i l l i n t r o d u c e k i n k l e v e l s , and t h i s w i l l t e n d t o r a i s e t h e Fermi l e v e l and t h e r e f o r e l e a d t o hardening, i . e . t h e w a t e r s o f t e n i n g e f f e c t may be reduced w i t h i n c r e a s i n g s t r a i n . Thirdl y , t h e deformation i t s e l f may c a u s e anion v a c a n c i e s t o be produced, and t h i s c a n c a u s e a c c e l e r a t i o n o f t h e r e c o v e r y r a t e . F i n a l l y , i t s h o u l d b e emphasised t h a t t h i s s e c t i o n i s h i g h l y s p e c u l a t i v e , and o v e r s i m p l i f i e d . The purpose o f i t i s t o show t h a t e l e c t r o n i c e f f e c t s c o u l d i n p r i n c i p l e account f o r t h e observed hydrol y t i c weakening e f f e c t . This s u g g e s t i o n h a s a l s o been made r e c e n t l y i n d e p e n d e n t l y by F r i e d e l /18/ and by Hobbs /19/; t h e l a t t e r h a s a tt r i b u t e d t h e e f f e c t t o a c c e l e r a t e d d i f f u s i o n o f oxygen and of (OH) t o d i s l o c a t i o n s , c a u s i n g the climb r a t e t o i n c r e a s e . Experiments a r e now needed t o e s t a b l i s h t h e e f f e c t of w a t e r on d i s l o c a t i o n v e l o c i t y and climb r a t e s e p a r a t e l y , t o measure e l e c t r i c a l c o n d u c t i v i t y a s a funct i o n of H 2 0 c o n t e n t , and t o produce e v i d e n c e on e l e c t r o n i c l e v e l s a s s o c i a t e d w i t h w a t e r i n q u a r t z .
